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(54) (Title of the Invention) 

Aqueous Solutions of a Sparingly Soluble Antiviral 

Agent 

(57) (Summary) (With amendments) 
5 (Problems) 

This invention contemplates the solution to the 
defects or drawbacks pertaining to the prior art and also 
the provision of stable aqueous solutions of a sparingly 
soluble antiviral agent, which do not cause the antiviral 

10 agent to crystallize out over a prolonged period of time, 
especially when in the form of an aqueous solution with a 
pH in the vicinity of 7, and can be used as liquids for 
external use or mixtures for internal use, such as 
ophthalmic solutions, nasal drops and the like* 

15 (Means of Solving the Problems) 

The constitution of the aqueous solutions of a 
sparingly soluble antiviral agent according to the present 
invention is the aqueous solution of 9-((2- 
hydroxyethoxy) methyl) guanine or a salt thereof, which is 

20 characterized in that the aqueous solution contains one 
kind or two or more kinds of solubilizing agents selected 
from a group consisting of nicotinic acid amide, L-arginine 
and magnesium chloride. 
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(Claims ) 
(Claim 1) 

An aqueous solution of a sparingly soluble antiviral 
agent, which is an aqueous solutions of 9-((2- 
5 hydroxyethoxy) methyl) guanine or a salt thereof, 
characterized in that said aqueous solution contains 
nicotinic acid amide as a solubilizing agent. 
(Claim 2) 

An aqueous solution of a sparingly soluble antiviral 
10 agent, which is an aqueous solutions of 9-((2- 
hydroxyethoxy) methyl) guanine or a salt thereof, 
characterized in that said that aqueous solution contains 
L-arginine as a solubilizing agent. 
(Claim 3) 

15 An aqueous solution of an sparingly soluble antiviral 

agent, which is an aqueous solutions of 9- ((2- 
hydroxyethoxy) methyl) guanine or a salt thereof, 
characterized in that said aqueous solution contains 
magnesium chloride as a solubilizing agent. 

20 (Claim 4) 

An aqueous solutions of a sparingly soluble antiviral 
agent, which is an aqueous solutions of 9-((2- 
hydroxyethoxy) methyl) guanine or a salt thereof, 
characterized in that said aqueous solution contains one 

25 kind to three kinds of solubilizing agents selected from a 
group consisting of nicotinic acid amide, L-arginine and 
magnesium chloride. 

(Detailed Description of the Invention) 
(0001) 
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(Technical Field of the Invention) 

The present invention relates to aqueous solutions of 
a sparingly soluble antiviral agent, which are provided 
with improved stability. 
5 (0002) 

(Prior Art) 

9-( ( 2 -Hydroxyethoxy) methyl) guanine (hereafter referred 
to as "acyclovir") is an antiviral agent having the purine 
skeleton, and has a potent antiviral effect against viruses 
10 of the Herpesviridae family and is a drug that is effective 
as a therapeutic agent against infectious diseases caused 
by herpes simplex viruses and varicella/ zoster viruses. 
(0003) 

However, acyclovir is soluble in both strong acid and 
15 alkaline solutions but is sparingly soluble in water. And 
an aqueous solution of acyclovir is difficult to be stored 
for a long period of time, because it causes acyclovir to 
crystallize out even for a short period of time. Although 
ophthalmic ointments being not processed into the solution 
20 form have been developed, it has been deemed difficult to 
provide stable aqueous solutions of acyclovir, particularly 
those having a pH in the neighborhood of 7. 
(0004) 

As a countermeasure against these defects or drawbacks, 
25 there have been proposed a method (see Japanese Patent 
Kokai Publication No. 1978-108999) for preparing liquid 
preparations (ophthalmic solutions and parenteral 
solutions) using a soluble derivative of acyclovir in which 
a part of the structure is modified to such an extent as 
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may not affect the drug efficacy, for example, a 
monophosphate, and also recently aqueous preparations (see 
Japanese Patent Kokai Publication No. 1996-268892) using 
polyvinylpyrrolidone as a solubilizing agent . 
5 (0005) 

(Problems to Be Solved by the Invention) 

However, a method for preparing liquid preparations of 
acyclovir using its soluble derivative, in which a part of 
the structure is modified, suffers from the defect of 
10 necessitating or incurring a huge amount of costs and 
expenses for construction and installment of equipment and 
facilities and the like, and is not considered to be 
practical • 
(0006) 

15 Also, the present inventors' follow-up test has 

revealed that the aqueous preparations of acyclovir 
prepared using polyvinylpyrrolidone as a solubilizing 
agent causes acyclovir to crystallize out about 2 weeks 
later, when stored in a refrigerator, and cannot therefore 

20 withstand storage at lowered temperatures in the winter 
season and the like, and that when the concentration of 
polyvinylpyrrolidone is raised, the resultant aqueous 
solution of acyclovir, though being delayed in allowing 
acyclovir to crystallize out, is more viscous and has 

25 difficulties in finding application . 
(0007) 

Under theses circumstances, there has been desired the 
development of nearly neutralized, aqueous solutions of 
acyclovir having a pH in the neighborhood of 7 , which can 
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be easily used for example as ophthalmic solutions, nasal 
drops and the like against infectious diseases caused by 
viruses of the Herpesviridae family, and also can be stably 
stored at lowered temperatures over a long period of time. 
5 (0008) 

The present invention has as its object to solve the 
above-mentioned defects pertaining to the prior art, and 
to provide stable aqueous solutions of the sparingly 
soluble antiviral agent, which particularly in the form of 

10 an aqueous solution having a pH in the neighborhood of 7, 
does not allow acyclovir to crystallize out over a 
prolonged period of time and can be used as liquids for 
external use or mixtures for internal use, such as 
ophthalmic solutions, nasal drops and the like. 

15 (0009) 

(Means to Solve the Problems) 

The constitution of the aqueous solutions of the 
sparingly soluble antiviral agent as adopted by the present 
invention in order to achieve the above-mentioned object is 

20 characterized in that said aqueous solutions are aqueous 
solutions of 9- ( ( 2 -hydroxyethoxy) methyl ) guanine or a salt 
thereof and contain one kind or two or more kinds of 
solubilizing agents selected from a group consisting of 
nicotinic acid amide, L-arginine and magnesium chloride. 

25 (0010) 

(Preferred Embodiment of the Invention) 

The present invention is described in more detail 
below. 
(0011) 
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The active ingredient in the aqueous solutions of the 
sparingly soluble antiviral agent of the present invention 
is the above-mentioned 9-( ( 2 -hydroxyethoxy) methyl) guanine, 
namely acyclovir, or salts thereof, wherein the salts can 
5 include, for example, salts with mineral acids such as 
hydrochloric acid, phosphoric acid and the like, salts 
with organic acids such as maleic acid, methanesulf onic 
acid and the like as well as salts with alkali metals such 
as sodium, potassium and the like, or salts with alkaline 
10 earth metals. 
(0012) 

It has been known that, as already explained, said 
acyclovir is soluble in strong acid and alkaline solutions , 
but is sparingly soluble in water, while the resultant 
15 aqueous solution causes acyclovir to crystallize out and is 
difficult to be stored over a long period of time, with 
acyclovir having solubility in water of 0.03 g/100 ml at 
4°C and 0.12 g/100 ml at 25°C. 
(0013) 

20 Although various means are used to solubilize 

sparingly soluble drugs, on the other hand, the additives 
that are used for the purpose of solubilizing such drugs 
without altering their chemical structures through addition 
of another ingredients are called a solubilizing agent, and 

25 in the case of the aqueous solutions of the sparingly 
soluble antiviral agent of the present invention, as well, 
such a kind of solubilizing agents are used to solubilize 
acyclovir . 
(0014) 
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Although the inventors of the present invention have 
conducted repeatedly intensive studies with a variety of 
additives including compounds that are known to be used as 
the solubilizing agents in order to develop a stable 
5 aqueous solution of acyclovir, which does not cause 
acyclovir to crystallize out over a long period of time, 
all the aqueous solutions prepared with any of these 
additives were found to cause acyclocir to crystallize out 
within a short period of time under the storage condition 
10 of 4°C, so that any stable aqueous solutions were not able 
to be prepared. 
(0015) 

However, such studies, followed by further continued 
research, led to the finding that addition of nicotinic 

15 acid amide, L-arginine or magnesium chloride unexpectedly 
can produce stable aqueous solutions of acyclovir that do 
not cause acyclovir to crystallize out over a long period 
of time, and still continued research work has resulted in 
completion of the present invention. 

20 (0016) 

Namely, the first solubilizing agent, which is used in 
the present invention, is nicotinic acid amide, and its 
addition amount can include, for example, the range of not 
less than 2% w/v. 
25 (0017) 

Also, the second solubilizing agent, which is used in 
the present invention, is L-arginine, and its addition 
amount can include, for example, the range of not less than 
5% w/v. 



(0018) 

Furthermore, the third solubilizing agent, which is 
used in the present invention, is magnesium chloride, and 
its addition amount can include, for example, the range of 
5 not less than 5% w/v. 
(0019) 

Moreover, as the solubilizing agents which is used in 
the present invention, there may be employed two kinds of 
the compounds suitably selected from the above-mentioned 

10 nicotinic acid amide, L-arginine, and also three kinds of 
the compounds, namely nicotinic acid amide, L-arginine and 
magnesium chloride and in the case where the combined use 
of two or more kinds of the said solubilizing agents 
creates the tendency are used in combination, there is a 

15 tendency that to make a reduction in their respective 
amounts used as compared with their single uses and to 
produce the aqueous solutions of acyclovir that remain 
stable over a long period of time. 
(0020) 

20 Because addition of each of the solubilizing agents or 

any combinations thereof in an excessively large amount is 
expected to have exerted adverse effects on the 
pharmacological action of acyclovir as the antivirus agent, 
meanwhile, the upper limit of the addition amount of the 

25 solubilizing agent is a pharmacologically accepted amount 
or an amount with which acyclovir is dissolved at a level 
of up to a desired concentration. 
(0021) 

In producing the aqueous solutions of the sparingly 



soluble antiviral agent of the present invention, a usual 
method for producing liquid preparations may be followed 
with the use of the above-mentioned acyclovir and one to 
three kinds of the solubilizing agents, and the thus- 
5 obtained aqueous solutions of the sparingly soluble 
antiviral agent of the present invention can get acyclovir 
dissolved therein for example at a concentration of up to 
0.2% W/V, although it is preferred to make the 
concentration of acyclovir to a level of 0.1% w/v in order 
10 to retain the stability at the lowered temperatures (4 °C) 
over a long period of time. 
(0022) 

It is added that the third substance, such as edetate 
sodium, sodium hydrogen sulfite, sodium carbonate, 

15 potassium dihydrogen phosphate, potassium iodide, potassium 
sorbate, pyridoxal phosphate, pyridoxine hydrochloride and 
the like, can be added to provide the aqueous solutions of 
the sparingly soluble antiviral agent of the present 
invention with further improved stability, in addition to 

20 the effect produced by one to three kinds of the 
solubilizing agents as described above. 
(0023) 

Also, the aqueous solutions of the sparingly soluble 
antiviral agent of the present invention can be 
25 incorporated with a stabilizer, a buffering agent, an 
isotonicity agent, a preservative and the like other than 
the above-mentioned edetate sodium, as may be needed from 
the standpoint of processing into pharmaceutical 
preparations . 
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(0024) 

(Effect of the Invention) 

Although it is not necessarily definite how acyclovir 
is prevented from crystallizing out in the aqueous 
5 solutions of the sparingly soluble antiviral agent of the 
present invention, it is assumed that some special 
interaction, which occurs between the molecules of the 
sparingly soluble material (acyclovir) and the solubilizing 
agent in the aqueous solutions, increases the affinity 

10 between both of different species of the molecules to 
induce a certain kind of bonding, whereupon the resultant 
complex becomes soluble and shows increased solubility, 
while at the same time it makes contribution to the 
stability, to thereby make the aqueous solutions of the 

15 sparingly soluble antiviral agent of the present invention 
more stable at lowered temperatures where such aqueous 
solutions are susceptible to crystallization. 
(0025) 

The present invention is described below in more 
20 detail by way of the examples, but is not intended to be 
restricted thereto. 
(0026) 

The stability tests were carried out for one year at 
4°C for which storage in a refrigerator or during the 
25 winter season was supposed and at 25°C for which storage at 
the ordinary temperatures was supposed. In addition, the 
storage test was carried out for 6 months at 40°C for which 
storage during the summer season was supposed to verify the 
stability required as a pharmaceutical. 



(0027) 



Example 1 



Formulation of an aqueous solution (100 mL) 



Acyclovir 



100 (mg) 



Nicotinic acid amide 



2000 (mg) 



Edetate sodium 



100 (mg) 



Sodium hydrogen sulfite 



100 (mg) 



Sodium hydroxide 



quantity appropriate 



Purified water 



quantity appropriate 



Total 



100 (mL) 



(0028) 



In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 
temperature, 2 g of nicotinic acid amide was added to the 
solution for dissolution, followed by further addition for 
dissolution of 100 mg of edetate sodium and 100 mg of 
sodium hydrogen sulfite. An aqueous solution of sodium 
hydroxide was added little by little to the solution to 
adjust its pH to 8.0, followed by addition of purified 
water to make the total up to 100 mL. 



Table 1 shows the results of various stability tests 
where the content of acyclovir in the aqueous solution 
freshly prepared was made 100%. 
(0030) 
(Table 1) 

Results of the stability tests on the aqueous solution 
of Example 1 



(0029) 
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Storage 
conainons 


Description 


Purity test 
( Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless, clear 
solution 


Not detected 


100.0 


4°C, 6 months 
4°C, 7 months 


No change 
Precipitation of 
Crystals 


Not detected 


99.5 


25°C, one year 


No change 


Not detected 


98.7 


40°C, 6 months 


No change 


Not detected 


99.2 



(0031) 

The aqueous solution immediately after the preparation 
was a colorless, clear solution, from which precipitation 
of crystals was observed at 4°C at the point of time after 
5 elapse of 7 months, whereas it die not show any change in 
appearance and typical properties , formation of any 
decomposition products and any decrease in the content 
after being stored for 6 months at 4°C and 40°C as well as 
for one year at 25°C, indicating that it possessed 
10 significantly improved stability, as compared with the 
aqueous solutions for control reference to be described 
later. 
(0032) 
Example 2 

15 Formulation of an aqueous solution (100 mL) 

Acyclovir 100 (mg) 

L-Arginine 5000 (mg) 

Edetate sodium 100 (mg) 

Sodium hydrogen sulfite 100 (mg) 

20 Hydrochloric acid quantity appropriate 

Purified water quantity appropriate 



Total 



100 (mL) 
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(0033) 

In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 
temperature, 5 g of L-arginine was added to the solution 
5 for dissolution, followed by further addition for 
dissolution of 100 mg of edetate sodium and 100 mg of 
sodium hydrogen sulfite. An aqueous solution of 
hydrochloric acid was added little by little to the 
solution to adjust its pH to 8.0, followed by addition of 
10 purified water to make the total up to 100 mL. 
(0034) 

Table 2 shows the results of various stability tests 
where the content of acyclovir in the aqueous solution 
freshly prepared was made 100%. 
15 (0035) 

(Table 2) 

Results of stability tests on the aqueous solution of 



Example 2 



Storage 
conditions 


Description 


Purity test 
(Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless, clear 
solution 


Not detected 


100.0 


4°C, 6 months 
4°C, 7 months 


No change 
Precipitation of 
crystals 


Not detected 


100. 1 


25°C, one year 


No change 


Not detected 


99.5 


40°C, 6 months 


No change 


Not detected 


99.4 



(0036) 



20 The aqueous solution immediately after the preparation 

was a colorless, clear solution, from which precipitation 
of crystals was observed at 4°C at the point of time after 
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elapse of 7 months, whereas it did not show any change in 
appearance and typical properties, formation of any 
decomposition product and decrease in the content after 
being stored for 6 months at 4°C and 40°C as well as for 
5 one year at 25°C, indicating that it possessed 
significantly improved stability as compared with the 
aqueous solutions for control reference to be described 
later. 
(0037) 
10 Example 3 

Formulation of an aqueous solution (100 mL) 

Acyclovir 100 (mg) 

Magnesium chloride 10000 (mg) 

Edetate sodium 100 (mg) 

15 Sodium hydrogen sulfite 100 (mg) 

Sodium hydroxide quantity appropriate 

Purified water quantity appropriate 



Total 100 (mL) 

20 (0038) 

In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 
temperature, 10 g of magnesium chloride was added to the 
solution for dissolution, followed by further addition for 
25 dissolution of 100 mg of edetate sodium and 100 mg of 
sodium hydrogen sulfite. An aqueous solution of sodium 
hydroxide was added little by little to the solution to 
adjust its pH to 8.0, and then purified water was added to 
make the total up to 100 mL. 
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(0039) 

Table 3 shows the results of various stability tests 
where the content of acyclovir in the aqueous solution 
freshly prepared was made 100%. 
5 (0040) 



(Table 3) 

Results of stability tests of the aqueous solution of 
Example 3 



Storage 
conditions 


Description 


Purity test 
( Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless, clear 
solution 


Not detected 


100.0 


4°C, one year 


No change 


Not detected 


99.3 


25°C, one year 


No change 


Not detected 


99.9 


40°C, 6 months 


No change 


Not detected 


99.5 



(0041) 



10 The aqueous solution freshly prepared was a colorless, 

clear solution, and did not show any change in the 
appearance and typical properties, formation of any 
decomposition product and any decrease in the content after 
being stored for 6 months at 40°C as well as for one year 

15 at 4°C and 25°C, indicating that it exhibited significantly 
improved stability as compared to with the aqueous 
solutions for control reference to be described later. 
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(0042) 
Example 4 

Formulation of an aqueous solution (100 mL) 



10 



Acyclovir 

Nicotinic acid amide 

Magnesium chloride 

Edetate sodium 

Sodium hydrogen sulfite 

Borax 

Purified water 



100 (mg) 
1000 '(mg) 
2000 (mg) 
100 (mg) 
100 (mg) 
quantity appropriate 
quantity appropriate 



Total 100 (mL) 

(0043) 

In about 50 mL of purified water heated at about 60°C 
15 was dissolved 100 mg of acyclovir. After cooling to room 
temperature, 1 g of nicotinic acid amide and 2 g of 
magnesium chloride were added to the solution for 
dissolution, followed by further addition for dissolution 
of 100 mg of edetate sodium and 100 mg of sodium hydrogen 
20 sulfite- An aqueous solution of borax was added to the 
solution little by little to adjust its pH to 8.0, and then 
purified water was added to make the total up to 100 mL. 
(0044) 

Table 4 shows the results of various stability tests 
25 where the content of acyclovir in the aqueous solution 
freshly prepared was made 100%. 
(0045) 
(Table 4) 

Results of stability tests of the aqueous solution of 
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Example 4 



Storage 
conditions 


Description 


Purity test 
( Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless, clear 
solution 


Not detected 


100.0 


4°C, one year 


No change 


Not detected 


99.0 


25°C, one year 


No change 


Not detected 


99.8 


40°C, 6 months 


No change 


Not detected 


101.4 



10 



15 



(0046) 

The aqueous solution freshly prepared was a colorless, 
clear solution, and did not show any change in the 
description, formation of any decomposition product and any 
decrease in the content after being stored for 6 months at 
40°C as well as for one year at 4°C and 25°C, indicating 
that it exhibited significantly improved stability as 
compared with the aqueous solutions for control reference 
to be described later. 
(0047) 
Example 5 

Formulation of an aqueous solution (100 mL) 



20 



Acyclovir 

Nicotinic acid amide 

L-Arginine 

Edetate sodium 

Sodium hydrogen sulfite 

Boric acid 

Purified water 



100 (mg) 
2000 (mg) 

500 (mg) 

100 (mg) 

100 (mg) 
quantity appropriate 
quantity appropriate 



(0048) 



Total 



100 (mL) 
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In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 
temperature, 2 g of nicotinic acid amide and 500 mg of L- 
arginine were added to the solution for dissolution, 
5 followed by further addition for dissolution of 100 mg of 
edetate sodium and 100 mg of sodium hydrogen sulfite. An 
aqueous solution of boric acid little by little was added 
to the solution to adjust its pH to 8.0, followed by 
addition of purified water to make the total up to 100 mL . 
10 (0049) 

Table 5 shows the results of various stability tests 
where the content of acyclovir in the aqueous solution 
freshly prepared was made 100%. 
(0050) 
15 (Table 5) 

Results of stability tests of the aqueous solution of 



Example 5 



Storage 
conditions 


Description 


Purity test 
(Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless , clear 
solution 


Not detected 


100.0 


4°C, one year 


No change 


Not detected 


99.2 


25°C, one year 


No change 


Not detected 


98.9 


40°C, 6 months 


No change 


Not detected 


99.5 



(0051) 



The aqueous solution freshly prepared is was a 
20 colorless, clear solution, and did not show any change in 
the description, formation of any decomposition product and 
any decrease in the content after being stored for 6 months 
at 40°C as well as for one year at 4°C and 25°C, indicating 
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that it possessed significantly improved stability as 

compared with that of the aqueous solutions for control 
reference to be described later. 
(0052) 
5 Example 6 

Formulation of an aqueous solution (100 mL) 

Acyclovir 100 (mg) 

L-Arginine 2000 (mg) 

Magnesium chloride 1000 (mg) 

10 Pyridoxal phosphate 100 (mg) 

Edetate sodium 100 (mg) 

Sodium hydrogen sulfite 100 (mg) 

Boric acid quantity appropriate 

Purified water quantity appropriate 



15 



Total 100 (mL) 

(0053) 

In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 

20 temperature, 2 g of L-arginine, 1 g of magnesium chloride 
and 100 mg of pyridoxal phosphate were added to the 
solution for dissolution, followed by further addition for 
dissolution of 100 mg of edetate sodium and 100 mg of 
sodium hydrogen sulfite. An aqueous solution of boric acid 

25 little by little was added to the solution to adjust its pH 
to 8.0, followed by addition of purified water to make the 
total up to 100 mL. 
(0054) 

Table 6 shows the results of various stability tests 
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where the content of acyclovir in the aqueous solution 
freshly prepared was made 100%. 
(0055) 
(Table 6) 

5 Results of the stability tests on the aqueous solution 



of Example 6 



Storage 
conditions 


Description 


Purity test 
( Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless , clear 
solution 


Not detected 


100.0 


4°C, one year 


No change 


Not detected 


100.8 


25°C, one year 


No change 


Not detected 


99.3 


40°C, 6 months 


No change 


Not detected 


100.3 



(0056) 



The aqueous solution freshly prepared was a colorless, 
clear solution, and did not show any change in the 

10 description, formation of any decomposition product and any 
decrease in the content after being stored for 6 months at 
40°C as well as for one year at 4°C and 25°C, indicating 
that it possessed significantly improved stability as 
compared with the aqueous solutions for control reference 

15 to be described later. 
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(0057) 
Example 7 

Formulation of an aqueous solution (100 mL) 



Acyclovir 

Nicotinic acid amide 

L-Arginine 

Magnesium chloride 

Edetate sodium 

Sodium hydrogen sulfite 

Boric acid 

Purified water 



100 (mg) 
1000 (mg) 
1000 (mg) 
1000 (mg) 
100 (mg) 
100 (mg) 
quantity appropriate 
quantity appropriate 



Total 100 (mL) 

(0058) 

15 In about 50 mL of purified water heated at about 60°C 

was dissolved 100 mg of acyclovir. After cooling to room 
temperature, 1 g of nicotinic acid amide, 1 g of L-arginine 
and 1 g of magnesium chloride were added to the solution 
for dissolution, followed by further addition for 

20 dissolution of 100 mg of edetate sodium and 100 mg of 
sodium hydrogen sulfite. An aqueous solution of boric acid 
was added little by little to the solution to adjust its 
pH to 8.0, followed by addition of purified water to make 
the total up to 100 mL. 

25 (0059) 

Table 7 shows the results of the various stability 
tests where the content of acyclovir in the aqueous 
solution freshly prepared was made 100%. 
(0060) 
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(Table 7) 

Results of the stability tests on the aqueous solution 
of Example 7 



Storage 
conditions 


Description 


Purity test 
( Decomposition 
product ) 


Residual ratio 
of acyclovir 
(%) 


Freshly prepared 


Colorless , clear 
solution 


Not detected 


100.0 


4°C, one year 


No change 


Not detected 


101.5 


25°C, one year 


No change 


Not detected 


99.8 


40°C, 6 months 


No change 


Not detected 


100. 1 



(0061) 



5 The aqueous solution freshly prepared was a colorless, 

clear solution, and did not show any change in the 
appearance and typical properties, formation of any 
decomposition product and any decrease in the content after 
being stored for 6 months at 40°C as well as for one year 
10 at 4°C and 25°C, indicating that it possessed 
significantly improved stability as compared with the 
aqueous solutions for control reference to be described 
later. 
(0062) 

15 Comparison Example 1 

Formulation of an aqueous solution (100 mL) 

Acyclovir 100 (mg) 

Sodium hydroxide quantity appropriate 

Hydrochloric acid quantity appropriate 

20 Purified water quantity appropriate 



Total 100 (mL) 



(0063) 
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In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 
temperature, an aqueous solution of sodium hydroxide and an 
aqueous solution of hydrochloric acid were added little by 
5 little to the solution to adjust its pH to 8.0, followed 
by addition of purified water to make the total up to 100 
mL . 

(0064) 

The aqueous solution freshly prepared was a colorless, 
10 clear solution, and, because any solubilizing agent was not 
added, precipitation of crystals was observed on the 
following day when stored at 4°C and about one month later 
when stored at 2 5°C, indicating that this aqueous solution 
was not capable of maintaining good quality as the 
15 pharmaceutical product. 
(0065) 

Comparison Examples 2 to 11 

In about 50 mL of purified water heated at about 60°C 
was dissolved 100 mg of acyclovir. After cooling to room 

20 temperature, 5 g each of the solubilizing agents listed in 
the following Table 8 was added to the solution for 
dissolution, and further an aqueous solution of sodium 
hydroxide and an aqueous solution of hydrochloric acid were 
added little by little to the solution to adjust its pH to 

25 8.0, followed by addition of purified water to make the 
total up to 100 mL. 
(0066) 

When the thus -prepared aqueous solutions were stored 
at 4°C, precipitation of crystals was observed after lapse 
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of the specified number of days in the following Table 8 
for all the solutions, indicating that these aqueous 
solutions were not capable of maintaining good quality as a 
pharmaceutical product . 
5 (0067) 



(Table 8) 



Comparison 
Example 


Solubilizing agent 


Period before 
precipitation of crystals 
( days ) 


2 


5% Polysorbate 80 


3 


3 


5% Polyoxyl 40 stearate 


3 


4 


5% Glycerol 


3 


5 


5% Propylene glycol 


4 


6 


5% Polyvinyl alcohol 


5 


7 


5% Polyvinylpyrrolidone K30 


2 


8 


5% Ethylurea 


10 


9 


5% Aminoacetic acid 


2 


10 


5% Potassium bromide 


5 


11 


5% Sodium citrate 


4 



(0068) 



It is evident from the results in the above-mentioned 
Examples and Comparison Examples that the aqueous solutions 

10 of acyclovir, the sparingly soluble antiviral agent, 
prepared by the use of nicotinic acid amide, L-arginine and 
magnesium chloride as the solubilizing agents can be 
verified to be capable of being stably stored over a long 
period of time under usual storage conditions, and that 

15 they can be fully expected to be valuable as the 
pharmaceutical products. 
(0069) 

Also, as shown in Examples 4 to 7, the combined use of 
two or more kinds of the solubilizing agents can reduce 
20 their addition amounts as compared with single use of the 



25 



individual . 
(0070) 

From the above descriptions, the present invention is 
intended to provide the aqueous solutions of the sparingly 
5 soluble antiviral agent, which can more definitely suppress 
crystallization of acyclovir as compared with the aqueous 
solutions for control reference and remain stable over a 
long period of time, particularly even at lowered 
temperatures where the aqueous solutions are susceptible to 
10 crystallization of acyclovir. 
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V 



1 

mxmn 9- [ (2-thwih*-» 
m ^T-yxittcoim^mm^^T, ®mmm 

CSB#E2] 9- [ (2-tFP+->xF^» ti- 
[H*^3] 9- [ (2-tFWxh^» 10 

[0 00 1] 20 

[0002] 

BE*©J£ffi] 9- [ (2-tFn+i/xh^» 

(J^T, 7z/^U\£)]/t^) it, fVy 

[0 0 0 3] LfrL&tf^ 7^*nVf;MJ> 3&»Rtf 30 
[0 0 0 4] £©±5&ltj£^©;ttj(!i:LT. |£2&{Cg 

mm&mmfc m*.a*s*x7 i-h^unj 

(BS^ffliS*. i:f-5£?£ («FHfB5 3-l 

0 8 9 9 9#£«#BB) ^, *ifiT?«» m^MKjfiJi: L 40 
T#U e^;H£ny Fy*ffl^fc*?8«»ai (*#P*1¥8 
-2 6 8 8 9 2 tfllJntl^o 

[0 0 0 5] 

[^WA^Liat-r-S^S] L3b»L4WS» 7*>* 

[0 0 0 6] X, jgfl?lfl&S>Ji: LTsKU \Z-fr\>uV K 
intf, ^«rtT*S#tTt^2ilF^T'7^^Plf;b 50 



#P*T 2 0 0 0 - 2 1 2 0 8 8 
2 

*SEi:tfT?frf* #uen;vtfny K^©«K£»< 
ttaWII (ft^TMffl C § t ^ 5 HM©£ 5 c 

[0 0 0 7] ClO«t3ft*1*^^ Mxfcf'Vl/^Xp? 

[0 0 0 8] #IPJ!tt, ±IBOJ:34fle*SaSO»jS* 

«ftffW0iB*i:fctfftv\ £IIS!k £H2iP§©fl.E$ 
fllXtt F*3 fflasw L T fe ffl ^ § c £ tfx* # § , SSft » 

[0 0 0 9] 

it. 9- [ (2-tKn^>ih^» ^*7- 

yxit%<Dm.Mo)7k®mx&?T. -3f->n75H, 

[0 0 10] 

[ooi i] *aw<Dj|»ttfii^-i';i/^Sil07k}S}St* 
tt«±j««-a: x ±12© 9- [ (2-bFn^>ih+ 
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[0 0 12] i:<D7>'^nlf;KcovT{±. -rTteWW 

SIS{±. 4°CiC^X0. 03g/100mK 25°C 
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'[0 0 15] U&»UW<&. Bfi«*«ffLfe4:C5, W 

C0016] ep^. *%WT*&m-rz®Mmmm<Dm i io 

*tf 2 %w/vW±4:V^IBB**tf i:#T-# 5„ 

[oo 1 7] *%wzmrz>®Bn®m<D%2 

fcf5%w/vW±tv^-5 IBB S c h t So 
[0 0 18] MtC, *«Wrffifflf*»»ffiffilS'JOM3 
ti, Mkv^s/^ATSO, £©iital£LTfi, M 
Tilf 5 % w/ v JM± i: ^ ? SSBSr^lf 3 c # 3 „ 
[0 0 19] MlCX, *»W-CfiM**»IWfl»fflfcL 

^ n f - V»7 5 F, L - 7;!/^ > Rtf i§{k v ~> V 

[0020] ^-rtioffiiwaffiiaysg^tt^offl*^ 

£ns©7\ ^©^ina<D±isfcLTti, nsMKifg 30 
?nsi> *v^4, ma©»fiSTf7->^ne;i/^jSj» 

[0021] *anBo»iStttn:'>'r;i/xaii©*»»*« 

(lOOmL) 
7v^ot£;l/ 
-3f>!75 F 

mm*. 
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4 

»J02k»«K43l>Ttt, 7->*Pl£;l/*0!|;UfO. 2% 

w/vs cfctf-etsav fg*g (4°c) r* 

©SUHIfflCM « tt, 7 ~> * n tT;l/©»S 
£0. l%w/vtt5Ct/WJfSU^ 

[0022] ^ im®<m®mH$4}\sxm<»*®WL 

tru K^»§©»=»K*»i)nf sctfcj:oT» ± 
E 1 rtS3^©&PMSbaj©$Sil?lfc:;!ra*, KtS^tt 

[0 0 2 3] X. #£l8©»8ttffi*>r;l/X»J©zk»ffi 
[0 0 2 4] 

T> 7->^n e;l/©^fk^if©«fc 9 LTB&iLSns 

©*H±^-r* 1 1 B^etrni^t^ Tkfcfcf T©«}Stei* 
znT$>z>m<D*£&zm%. tuMifcS^ (Co 

mplex) A^RfiSttT-feSfcfttCjSjSJS^liilPL, IWC 

t>^ttfc«tiT^*t©fc«isi*n* 

[0025] WT. ^lffifflfc£D#fgiE£MfcP*ffifc:tB 

re-rsav *«w»cn5tcis^nst©T?ttftv\ 

[0 0 2 6] ££tefiffl&i:LTH\ ?frj«*l*3«^ti:#JH 

Lfc 2 5 'Ctcfc^T, l ^BB©HK*ff -3 feo X^ 
HSB©«#* Lfc4 0°C, 6*3 R9©ft$Htt t> fx 

[0 0 2 7] 



1 0 0 (mg) 
2 0 0 0 (mg) 
1 0 0 (mg) 
1 00 (mg) 
'Mm 

MM 



[0 0 2 8] T'y^uMfoX OOmg^ m^OXlcta 
'& LtcmWm 5 0 m L fcJSJB Lfc. MzSS T'^ Lfc 
-3f->S75F2g*ta*.TSI!PU Mfc, if 

HS^- h u 1 0 0 m gmsmm*mir V U ->A 1 

OOmg^itaxT^Lfco C©fgt, TKKfk^-F 1 ;^ 50 



10 0 (mL) 

ATKjg^^ai-'oftnxT, pH^-8. OJcSSfiPU « 
U*£in*T 1 0 OmLtL/co 

[0 0 2 9] ftBim%<07 ~> ?u\£)l,<$m*l 0 0%£ 
Lfc«^©*a«SttK»©e**S 1 K^LfCo 

[0 0 3 0] 



(4) 



#M2 0 0 0-2 1 2 0 8 8 
6 









:r->*Dtf;K9g?¥!£ (96) 








1 0 0. 0 


4'C, 6*J| 
4'C. 7*B 






9 9. 5 


25*0. 1¥ 






9 8. 7 


4 0t. 6*Ji 






9 9.2 



[003 1] fHllfeif fcfefiWT, 4 

, 4 °CRtf 4 0 °CT' 6 * ^ IH, &t>\ 2 5 °CT 1 

[2 

zk»««W (1 0 OmL) 



10 fttlfet)©T?feofco 
[0 0 3 2] 



1 0 0 

5 0 0 0 

1 0 0 

1 0 0 



(mg) 

(nig) 
(mg) 
(mg) 



tt 

[0 0 3 3] 7v^n£;M OOmg^ ^6 0 o C{C*n 
iBLfcfll8bk»5 OmLKiSjSLfeo MU^T^Lfc 

L-r;i/*-y5g*in*T»jwu Mfc, xxh 

h U <7i> 1 0 0 m g S^ffi^Tk^f- h U £ A 1 0 

•roin^T, p h^8. otwasu ttSbk*in*.T l as 



10 0 (mL) 
iSSOOmLi: Lfco 

[0 0 3 4] ft*i(ig&4)73' * n t£;l/^M£ l 0 0 % £ 

[0 0 3 5] 
[^2] 









T^jmifjlriMBH?* <%) 








10 0.0 


4'C. 6$-fl 
4'C, 7-s-^ 






10 0.1 \ 


2 5*0, 1^ 






9 9.5 


40*0, 6irR 






9 9.4 



[0 0 3 6] fl&Lfeif&0>*jgft& *lfejiWT% 4 
*\ 4 ^ Rt>* 4 0 °CV 6 * £ m, &0\ 2 5 °CT- 1 

13 

(1 0 OmL) 



[0 0 3 7] 



1 0 0 
1 0 0 0 0 
1 0 0 
1 0 0 

'Mm 
51 Jl 



(mg) 
(mg) 
(mg) 
(mg) 



ft 10 0 (mL) 

[0 0 3 8] 7->^olf;H 0 0mg£\ &6 O^lOta 50 ZgLfcfSHzMQ 5 0mLtCjgf§¥L/c o SigST-^Lfc 



(5) 



fhit h U A 1 0 0 m g JkTJRffiMimi- h V VL, 

i oomg^m^xmmttc 0 come *»{w-hu 

^ATkJg^^M'foiPK.T, pH£8. OfcSSHIU 
fif*hk*4n*T lOOmLt Lfeo * 
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8 

[0 0 3 9] ftMM'&'DTisttiV^m* 1 0 0%£ 

[0 0 4 0] 
[S3] 

















1 0 0. 0 






*tfetB 


9 9. 3 


2 5"C, HP 






9 9.9 


4 CC, 6d-B 






9 9. 5 



[0041] rmLrzw&oftmmt. m&mwr\ a 

0°CT'6^^H, 4°C&tf2 5TCT? l^WMSSfiFUTfe, 
^SffiM4 

( 1 0 OmL) 



[0 0 4 2] 



1 o o 

10 0 0 
2 0 0 0 
1 0 0 
1 0 0 

S3 

mm 



(nig) 
(mg) 
(mg) 
(mg) 
(mg) 



[0 0 4 3] 7^ntT;H 0 0mg£\ CCfCflP 
fiUfe»»*»5 OmKcgSLfto SigtT^UL/i: 
^ i3fyi75 F 1 gMifkv^^I^ g£r 
iOS.Ti8»U Mt, xfhitb'J^AlOOmgR 

ifsaai**^ H;?Aioomg ma^rmmLrc 0 30 

COjSK, **8^ffi*<MrfOj&n* , t, pH£8. * 



1 0 0 (mL) 
* 0 {cfllifiU IBSbk*in*T 1 OOmLt Lfco 
[0 0 4 4] f^SB^©7->^nt:*;l/#a^: 10 0' 

[0 0 4 5] 
[«4] 















mum 


1 0 0. 0 


4"C, 1«P 




i&m 


9 9.0 


25t;, 1*F 




imm 


9 9. 8 


4 0t, 6*-H 






10 1. 4 



[0 0 4 6] ftHLfciB&OTkiBttttx MfejUET*, 4 
01CT?6*Jll8k 4X:RO : 2 5*C"e 1 ^H«#LTt>, 

^■fftt>tt#0g{k swsis, #*ffiTtts»enr. #40 [0047] 

' ' [5 

zkjg^Sa*- (1 OOmL) 

-nfyi7= F 
L-7;M^> 



* '&m z \mmivmwL t it l t« l < «n ^ *> <d t*& ^ 



1 0 0 
2000 

5 0 0 

1 0 0 
1 0 0 

28 M 
28 11 



(mg) 
(mg) 
(mg) 
(mg) 
(mg) 



(6) 



[0 0 4 8] 7~>?at£;H OOmg^ me O'ClcM 

g Lk.mm® 5 o m l icmmtrc. x^m 

^3fy|f75 K2 gM*L-7;l/^y 5 0 Om 
g£Jra*.Tf§8¥U Sfc, x-rbitf-hy<>Al 00m 

g Rtfffisf^Tk^^- hu^Aioomg muz-xmrn- L 
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12 0 00-2 1 2 0 8 8 
10 
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8. OfclpfflU fflS7k^iPX.Tl OOmL^tfc. 
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9 8. 9 
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ffl^7j< 



[0 0 5 2] 
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mm 
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(mg) 
(nig) 
(mg) 
(mg) 
(mg) 
(mg) 



[0 0 5 3] 7^ntf;H 0 0mg£\ |<J6 OtKiP 

i&Lrcmmyms omLizmMLfc m^x^Lrc 
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1 0 0 (mL) 
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[0 0 5 4] {1Mf£cD7:^nl£;l/#»& 1 0 0%t 

[0 0 5 5] 

[He] 





tt 












10 0.0 


4-C. 1* 






10 0.8 


2 510, 1# 






9 9.3 


40*0, 


«4b&L 




10 0.3 
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/Co 

[0 0 5 7] 



1 0 0 
10 0 0 
1000 
1000 

1 0 0 



(mg) 
(mg) 
(mg) 
(mg) 
(mg) 



11 



(7) 
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12 



10 0 (mg) 



ft 

[0 0 5 8] T^Otf/M OOmg^ &)6 OTtCjlJP 
ZS L TcmWtffo 5 0 m L EjgJJP L fc. ^S*-(?^Lfc 
ft, zafyl75Fl g, L-T^-yi gRt>*^ 
fbv^>"^Ai g%1}Uz.X®MU ifMt 
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1 0 0 (mL) 
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OmLi L/co 

[0 0 5 9] ftWm'&<D7i/?n\i)\/^m* 100%t 

10 [0 0 6 0] 
[3?7] 
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2 5t, 1# 
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40"C, 6frB 






10 0. 1 
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3 
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3 
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4 
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5 


7 
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2 


8 
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9 




2 
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1 1 
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